PROBLEM AND MOTIVATION
The management of classrooms, halls, offices, and public spaces and the efficient use of these resources in any organization are challenging problems. With the rise of Internet of Things (IoT), the management of these resources can be automated. Methods to automatically record activities and monitor resource usage inside classrooms in real-time are usually intricate. Previously we implemented a proof-of-concept phase of the smart chair system [1] , consisting of one chair, to solve the problem of resource and classroom management at small scale. In this abstract we propose a complete system consisting of ten smart chairs, by employing IoT paradigm in order to simplify classroom management, attendance tracking and classroom interaction. Taking students attendance-monitoring systems as a motivational example, instructors have to call the names of students or the students are asked to sign the attendance sheet. The former is a time consuming process, while the latter is unreliable. The proposed smart classroom system simplifies many of these tasks by utilizing indoor localization, RFID sensors, pressure sensors, Arduino microcontrollers and cloud backend. The smart chair system can automatically check whether the chair is occupied or not by using multiple sensing technologies. Moreover, student identification can be automatically performed using RFID sensors, which can read RFID tags off student identification cards. Additionally, the tardiness or leave-early information can be analyzed by exploiting the integrated timestamps. The proposed smart classroom system will identify each student, record timestamp of arrival and departure, and will generate a dynamic seat map of students in the classroom by utilizing indoor localization.
BACKGROUND AND RELATED WORK
Internet of Things (IoT) has emerged as a new network paradigm, which allows various physical entities in the world to connect with each other. The observed or generated information of these entities have a great potential to provide useful knowledge across different service domains, such as building management, energysaving systems, surveillance services, smart homes, smart cities, etc. [2] . IoT was first proposed in 1999 by Kevin Ashton, who is the co-founder of Auto-ID center at the Massachusetts Institute of Technology (MIT) [3] . One foundational technology of IoT is the Radio-Frequency IDentification (RFID) technology, which allows microchips transmit the identification number of the objects to a reader through wireless communication. Since many universities now issue student IDs with RFID chips, we can utilize RFID technology to identify students in smart classroom.
On the other hand, indoor localization will be used to generate seat map of students in the proposed system. Implementation of indoor localization for this task is intricate and difficult. GPS is of little use indoors, since the accuracy of GPS suffers greatly when not in direct view of the sky. Currently, techniques used in indoor localization focus on multilateration, exploiting: Time Of Arrival (ToA), Time difference of Arrival (TDoA) and Received signal strength indicator (RSSI). ToA requires time synchronization of very high accuracy; TDoA requires the use of two transmission mediums of different propagation speeds both of which limit its use in IoT. The simplest approach is RSSI-based multilateration method [4] which doesn't require any additional equipment other than than radio transceiver which is already included in many devices.
APPROACH AND UNIQUENESS 3.1 Challenges and System Architecture
Some of the challenges in designing and deploying IoT systems is high device cost and the accuracy of indoor localization techniques. The former can be mitigated by using off the shelf microcontrollers such as Arduino platform. The latter is more challenging since the accuracy of RSSI-based localization [5] can be less than 2 meters which maybe acceptable for many applications, but is not accurate enough for smart classroom where chairs can be tightly placed. The approach to this problem is described in section 3.4, where the actual position is only used to align chairs based on their relative position to each other. The uniqueness of this work comes from utilizing indoor localization with IoT to create a comprehensive smart classroom. The proposed smart classroom system will be based on a network of connected sensors embedded on the physical chairs to collect information, which is based on IoT paradigm. Each chair in the proposed system will consist of the following components: Arduino Uno, SainSmart RC522 RFID reader, Interlink 402 pressure resistor and XBee module, which will be used for wireless communication.
Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the Owner/Author. Copyright is held by the owner/author(s). Additionally, the system will have one master node consisting of Arduino Yun. As illustrated in Fig. 1 , each slave node will identify the student by reading their RFID card, will record the timestamp and will transmit this information to the master node by ZigBee. The master node will then send HTTP post request to the cloud backend in order to store the data. The cloud backend will consist of RESTful web service which will provide POST and GET requests to store/access data related to card readings.
Client Application
Client Android application will be developed, which will retrieve the data we stored in the RESTful web service as shown on Fig 1. The application can be used by instructors to display names of students, their arrival time and duration of their presence in the chair. Additionally, the application will generate a seat map of students to help instructors visually identify them. The localization part is described in section 3.3.
Indoor Localization to Generate Seat Map
The smart classroom environment will consist of multiple smart chairs, sink node and anchor nodes, all of which will help dynamically provide seat map of students with their names and positions displayed on the instructor's screen. In this system, RSSI-based multilateration method [4] will be used to determine position of the chairs. The advantage of this method is that no additional equipment is needed; any radio frequency transceiver capable of providing RSSI measurement to users can be used. XBee module will be attached to each Arduino Uno and will communicate with each anchor node positioned in each corner. High level overview of the smart classroom is illustrated in Fig 2. Each anchor node in Fig. 2 will be assigned relative coordinates. Anchor A will be assigned coordinates of (0,0), anchor b: (w,0), anchor c: (0,y) and anchor d: (w,y), where w and y will be chosen based on the width and length of the room. Accuracy is a big problem in indoor localization, due to signal reflection and absorption loss which can occur in indoor environments. Fig. 3 illustrates the inaccuracy of chairs' position due to path loss. As we can see the nodes are not aligned horizontally even though, they may be aligned in real life. However, to generate a seat map we only need relative position of each chair and not the actual position. Given the number of columns N, the following error correction algorithm can be applied:
Step 1: Calculate the estimated position with RSSI for each node
Step 2: Sort all nodes based on the Y coordinate
Step 3. Get the first N nodes, sort by X coordinate and assign the average Y position for that row.
Step 4. Repeat Step 3, until no nodes are left, where N represents the number of columns.
We have aligned each node by Y position, now we can apply a similar algorithm and align the nodes by X coordinates. In order to make sure that each chair is in the range of at least 3 anchor nodes, we will choose XBee series 1 antenna, which has power output of 1mW and has a range of 100 meters, which is enough to cover most classrooms. In order to accommodate larger rooms, antenna with higher power output is also available. Moreover, in order to limit unnecessary communication requests to slave nodes, once the location is calculated it will be stored centrally on the master node. This will help prolong network lifetime.
RESULTS AND CONTRIBUTIONS
The proposed smart classroom system can greatly help instructors by automating the routine tasks of attendance checking, classroom management and help identify students. The system also has commercial prospects where it can be used for dynamic ticketing and etc. For example, if someone didn't show up for a concert, the system can be used to detect no-shows so that the space is not wasted and resold instead. The system can also be used for resource management where over/under utilization of certain classrooms can be identified and mitigated. Since Arduino is an open platform, the blueprints can be modified to integrate XBee and RFID modules into one board and manufacturing companies in Asia can be contracted to produce the custom board. This will further reduce the price.
